Patients: Takemi OTSUKI, et al. Department of Hygiene, Kawasaki Medical School-Silicosis cases are characterized not only by respiratory disorders but by various immunological abnormalities, but the cellular biological effects of silica compounds on human lymphocytes have not been well investigated. Our previous studies revealed high serum soluble Fas (sFas) levels in silicosis patients without any clinical symptoms of autoimmune disease and the dominant expression of sFas mRNA in peripheral blood mononuclear cells (PBMC) derived from these patients. These observations indicate that dysregulation of the Fas gene may play an important role in the pathogenesis of the immunological abnormalities found in silicosis patients. Recently several molecules with inhibitory or regulatory effects on Fas-mediated apoptosis have been identified and their cellular biological roles investigated. We examined the mRNA expression of inhibitory genes (TOSO, sentrin, and cFLIP), regulatory genes (CPAN and DFF45), and caspases (caspase-1, -3, and -8) in PBMC derived from silicosis patients. The results showed a reduced expression of sentrin, cFLIP and DFF45 and an overexpression of caspase-1. Nevertheless, considering the remarkable dominant expression of sFas in silicosis, the dysregulation of inhibitory genes and caspase-1 may be evidence of a Fas-mediated apoptotic pathway activated via the remaining membrane Fas molecules in the PBMC of silicosis patients.
Cases of silicosis are characterized not only by respiratory disorders but also by various immunological abnormalities such as hypergammaglobulinemia, and the appearance of autoantibodies or complications of autoimmune disease, typically, progressive systemic sclerosis (PSS) and systemic lupus erythematosus (SLE) [1] [2] [3] [4] [5] [6] [7] , but the cellular biological effects of silica compounds on human lymphocytes have been little investigated.
We have been studying the immunological aspects of silicosis focusing on Fas-mediated apoptosis [8] [9] [10] [11] [12] [13] , because of the abnormalities in Fas and related molecules which have been reported in human idiopathic autoimmune diseases such as SLE and rheumatoid arthritis [14] [15] [16] [17] . We have demonstrated high serum soluble Fas (sFas) levels in patients with silicosis without any clinical symptoms of autoimmune disease, including sclerotic skin, Raynaud's phenomenon, facial erythema or arthralgia 8, 9) , and dominant expression of sFas mRNA in peripheral blood mononuclear cells (PBMC) derived from these patients 10, 11) . These observations indicate that dysregulation of the Fas gene may play an important role in the pathogenesis of the immunological abnormalities found in silicosis patients.
To date several molecules with inhibitory or regulatory effects on Fas-mediated apoptosis have been identified and their cellular biological roles investigated. The TOSO 18) , sentrin 19) and cFLIP 19) (also called CASPER, IFlice, Flame-1, CASH, CLARP, NMRIT or usurpin 19) ) genes have been reported to cause inhibition by binding with Fas or caspase-8 (Flice), or by competing with FADD. Activation of caspase-8 subsequently induces the activation of other caspases, such as caspase-4 (ICH2), caspase-1 (ICE), caspase-3 (Yama/CPP32), and caspase-7 (Mch3) [20] [21] [22] [23] . In addition, DNA fragmentation during apoptosis is mediated by a heterodimeric protein complex composed of DFF45/ICAD 24) and DFF40/CAD/CPAN 25) . These proteins are located downstream of caspase-3 to trigger DNA fragmentation and change the chromatin structure, but it has also been reported that DFF45 functions as an inhibitory factor in caspase-sensitive nuclease. In any case, DFF45 and CPAN possess regulatory activity for DNA fragmentation induced by activation of caspases [26] [27] [28] . In this study, to address the selection of peripheral lymphocytes via an apoptotic pathway, we examined the mRNA expression of inhibitory genes (TOSO, sentrin, and cFLIP), regulatory genes (CPAN and DFF45), and caspases (caspase-1, -3, and -8) in PBMC derived from silicosis patients.
Materials and Methods

Cases studied
Twelve patients with silicosis (average age, 68.2 ± 1.3 yr) without any clinical symptoms of autoimmune disease, such as sclerotic skin, Raynoud's phenomenon, facial erythema or arthlargia or any malignant tumors, and eight age-matched healthy volunteers (average age; 64 ± 7 yr) were the subjects of this study. All the patients and healthy volunteers were Japanese and gave informed consent according to the guidelines of the Institutional Review Board of Kawasaki Medical School and Kusaka Hospital.
RNA extraction and cDNA synthesis
PBMC were isolated from 10 ml of heparinized blood in each case by the Ficoll-Hypaque density centrifugation method (Lymphoprep™, Nycomed Pahrma As, Oslo, Norway). Total cellular RNA was extracted with a TRIzol™ reagent (GIBCO BRL Life Technologies, Gaithersburg, MD, USA), according to the manufacturer's instructions. One microgram of total RNA and oligo(dT) 18 primer (final concentration; 1 µM) in 12.5 µl of diethyl pirocarbonate (DEPC)-treated H 2 O was heated to 70°C for 2 min then cooled on ice for 1 min. cDNA synthesis was started with 200 units of recombinant MMLV (Moloney-Murine Leukemia Virus) reverse transcriptase (Clonthech Lab. Inc., Palo Alto, CA, USA) under conditions recommended by the manufacturer, and the reaction was allowed to proceed at 42°C for 60 min. The reaction was terminated by heating at 94°C for 5 min and then the mixture was diluted to a final volume of 100 µl by adding 80 µl of DEPC-treated H 2 O.
Multiplex reverse-transcriptase-polymerase chain reaction (MP-RT-PCR)
MP-RT-PCR was used to examine the mRNA expression level for the inhibitory, regulatory genes of the Fas-mediated apoptotic pathway and caspases in the PBMC of the silicosis patients and the volunteers. The primer sequences used in this study, the expected size of each RT-PCR amplicon, the annealing temperature and the RT-PCR cycles for each primer set are listed in the Table. To amplify β-actin, the housekeeping control gene and the targeted gene in a single reaction, MP-RT-PCR was carried out. The ratios of primer-sets in the targeted gene and β-actin are shown in the Table. These ratios and PCR cycles were determined to amplify both products logarithmically and in relatively similar amounts. visualization of the MP-RT-PCR products by 1.2% agarose gel stained with ethidium bromide, gel images were obtained with a FAS-II UV-image analyzer (Toyobo Co. Ltd., Tokyo, Japan), and the densities of the products were quantified with the Quantity One ™ version 2.5 (PDI Inc., Huntington Station, NY, USA). The relative expression level of each targeted gene in individual cases was calculated as the density of the product of that gene divided by that of the β-actin gene derived from the same MP-RT-PCR.
Statistical analysis
The relative expression level for each gene in the individuals with silicosis and the volunteers was statistically analyzed by the Mann-Whitney test.
Results
MP-RT-PCR
The MP-RT-PCR products obtained from each patient and healthy volunteer for all of the targeted genes are shown in Fig. 1 . The products of the MP-RT-PCR for the sentrin and β-actin genes in the silicosis cases seem to reveal similar intensities for both genes, but in the healthy volunteers (HV) relatively larger amounts of sentrin products than β-actin products were found. These findings mean that the relative expression level of the sentrin gene may be lower in patients with silicosis than in healthy individuals. We then digitalized all products, as described in Materials and Methods, and performed a statistical analysis for each gene to find any significant differences between the patients with silicosis and the volunteers.
Relative expression level of each gene studied
The relative expression level of each gene in individual patients and volunteers was plotted and the averages for those subjects with and without silicosis (SIL) are shown in Fig. 2 . Significant differences were detected in sentrin (SIL; 1.07 ± 0.12 (mean ± SD), HV; 2.07 ± 0.47, p=.0003), cFLIP (SIL; 0.75 ± 0.24, HV; 1.01 ± 0.08, p=.0069), DFF45 (SIL; 0.25 ± 0.12, HV; 0.32 ± 0.08, p=.0143), and caspase-1 (SIL; 0.79 ± 0.15, HV; 0.61 ± 0.20, p=.0372). The expression of the sentrin, cFLIP and DFF45 genes was reduced in cases of silicosis, but caspase-1 was significantly overexpressed.
Discussion
In this study we were able to detect a significant reduction in the expression level of genes possessing inhibitory effects for Fas-mediated apoptosis, such as sentrin and cFLIP, and significant overexpression of the caspase-1 gene. In addition, reduced expression of the DFF45 gene was also observed. Since the removal of the DFF45 molecule from the CPAN/DFF45 complex induces DNA fragmentation [24] [25] [26] [27] [28] , all of these results indicate that Fas-mediated apoptosis in PBMC derived from silicosis patients is significantly activated. On the other hand, our previous investigations led us to conclude that the T lymphocytes in silicosis patients are resistant to apoptosis mediated by the Fas-related pathway [8] [9] [10] [11] [12] [13] . Moreover, these T cells may include self-recognizing clones, since our previous results demonstrated that silica compounds act as superantigens to human T cells [29] [30] [31] [32] [33] . It should be noted, however, that the membrane Fas expression in peripheral lymphocytes from these patients is not altered compared with healthy volunteers 8, 9) . These findings have led us to speculate that T cells which possess membrane Fas on their surface are sensitive to Fas-mediated apoptosis. This hypothesis was also arrived at in our previous study which demonstrated that T lymphocytes in healthy volunteers were sensitive to stimulation-induced cell death caused by silica compounds in vitro 34) . Taken together, it seems possible that the T cells in patients with silicosis are of two types, one of which is resistant to apoptosis mediated by the Fas-related pathway, and the other which easily undergoes Fas-mediated apoptosis caused by exposure to silica. Therefore, the former fraction of T cells may consist of long-surviving self-recognizing clones induced by chronic and recurrent occupational exposure to silica compounds and the latter fraction of T cells, which are sensitive to silica-induced apoptosis like healthy T cells (schematically shown in Fig. 3) , and may die and be recruited again and again. But the former fraction may survive longer and extend throughout the body to play an important role in immunological abnormalities in silicosis.
Although we have reported that parameters related to Fas-mediated apoptosis such as serum sFas levels and sFas message expression in PBMC should be the most useful for predicting the pre-clinical status of complicated autoimmune diseases in silicosis 35) , it is not yet clear whether the results of that study indicate immunological (SIL) (n=12) and healthy volunteers (HV) (n=8). Significant differences were detected in sentrin (SIL; 1.07 ± 0.12 (mean ± SD), HV; 2.07 ± 0.47, p=.0003), cFLIP (SIL; 0.75 ± 0.24, HV; 1.01 ± 0.08, p=.0069), DFF45 (SIL; 0.25 ± 0.12, HV; 0.32 ± 0.08, p=.0143), and caspase-1 (SIL; 0.79 ± 0.15, HV; 0.61 ± 0.20, p=.0372). The expression of sentrin, cFLIP, and DFF45 genes was reduced in the cases of silicosis, but caspase-1 was significantly overexpressed. In addition, DFF45 was also relatively little expressed in those with silicosis. disorders in silicosis, or represent the degree of occupational exposure to silica compounds. Although little is known about the relation between the expression of inhibitory genes for Fas-mediated apoptosis and autoimmune diseases, recently Van Parijs et al. reported that activation-dependent downregulation of cFLIP renders mature lymphocytes sensitive to death receptormediated apoptosis and is required to maintain selftolerance 36) . Two populations of lymphocytes in silicosis patients as shown in Fig. 3 , may therefore have opposite functions in autoimmunity. Further investigation is required to elucidate the role of Fas-mediated apoptosis in silicosis to contribute to the prevention of immunological disorders found in those suffering from this occupational disease. 
Conclusion
In this study we found reduced expression of inhibitory genes for Fas-mediated apoptosis in PBMC derived from silicosis patients. These results and previous investigations indicating the existence of a lymphocyte fraction which is resistant to Fas-mediated apoptosis suggest the presence of two fractions of lymphocytes in silicosis patients. To prevent not only respiratory diseases but immunological disorders in silicosis patients, further study into the role of Fas-mediated apoptosis in these patients is required.
